Both effects, called the R-factor (backscattering) and the S-factor (stopping power), respectively, are then combined to make up for the so-called atomic number correction, whicQ. is usually expressed by Z. This Z-factor is proportional'''''1i) the total number of ionisations generated in the target. -Secondly, it is necessary to adopt some kind of <l>(Qz) curve (number of ionisations <l>, as a function of mass depth QZ) in order to calculate how much of the generated intensity is lost by absorption in the target on its way to the spectrometer. The ratio between the emitted and the generated intensity is called the A-factor, which is more commonly know~as the quantity F (X), in which
Introduction
For many years it has been common practice in quantitative electron probe microanalysis to treat the matrix correction procedure, necessary in order to convert the measured intensity ratios (k-ratios) into concentration units, in three separate steps: -Firstly, a step in which backscattering of the electrons and x-ray generation in the target are separately considered in detail.
(!J.IQ is the mass absorption coefficient and ' I.jJ is the x-ray take-off angle).
-Finally, it is sometimes necessary to account for secondary fluorescence which can take place whenever one of the primary, electron beam generated, radiations is of sufficiently high energy to excite additional x-radiation of the element beingmeasured. The correction for this effect is contained in the so-called F-factor.
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The three factors Z, A and F are next calculated for standards and specimen and subsequently multiplied by the measured intensity ratio k of the element in question to yield the desired concentration c (in wt % ) according to the relation Note that now terms like Z stand for the ratio between the intensity generated in the standard and that in the specimen. For details regarding the procedures followed in performing the corrections until a few years ago the reader is referred to the review article by Beaman and lsasi (1972) .
Of all the three correction factors involved the absorption correction has rightfully received the most attention because this usually constitutes the major correction required. The performance of any absorption correction procedure is completely dependent on the correctness ofthe <I> (gz) curve used.ln this respect quite an evolution has taken place: from the original simplified Philibert (1963) "model, which was later modified (Ruste and ZellerT977) into the full Philibert (1963) model, through more or less rudimentary forms of <I>(gz) curves like rectangles (Bishop 1974 , Love andScott 1978 , 1980 and quadrilateral shapes (Sewell et al. 1985) to the more sophisticated and realistic models introduced recently (Packwood and Brown 1981, Pouchou and Pichoir 1984) .
In the latter two modeis, the artificial separation into atomie number and absorption effects is avoided altogether. Instead, the combined correction is carried out in one single procedure. All that is required is the integration of the emitted intensity vs. gz curve (see Fig. 1 ). This curve is obtained by multiplying each point of the generated <I>(gz) curve by exp [-Xgz] in order to correct for absorption.
Subsequent integration for gz between zero and infinity immediately yields the quantity that is proportional to the emitted intensity. If it should be necessary to know the absorption factor F(X), one simply integrates both the generated as weIl as the emitted intensity and the ratio will yield F(X).
The latter models rely even more on the correctness of the <I>(gz) curves because now the complete [ZA] correction is based on the<I>(gz) curves generated by the modeis, contrary to the conventional ZAF approaches. Hence, it is of the utmost importance that the equations used in the calculations of <I>(gz) curves in both <I>(gz) models are sufficiently reliable. Both the Packwood and Brown, as weIl as the Pouchou and Pichoir models use four parameters to describe the <I>(gz) curves. In the latter model <I>(gz) is characterised by: 1. the surface ionisation <I>(0) , 2. the ultimate depth of ionisation, 3. the depth of maximum ionisation (peak position) , 4. the integral of <I> (gz) , which is proportional to the number of ionisations generated by the incident electron.
Keeping the first three parameters fixed, a <I>(gz) curve is generated with a height sufficient to ensure that the integral of <I>(gz) isequal to parameter four. Although mathematical details of the Pouchou and Pichoir model have not been published so far, it is certain that a large amount of computational effort through complex equations is involved.
The Packwood and Brown model, which offers a substantial improvement in matrix correction procedures, is based on a completely different approach and is mathematically much simpier.
This model is based on the fact that <I>(gz) curves are basically Gaussian in shape with the peak of the Gaussian centered at the surface. The so-called "undisturbed" Gaussian (dotted curve in Fig. 1 Fig. 1 Drawing showing the principles of the Gaussian <l>(Qz) approach. Both the generated intensity (solid curve) as weU as the emitted intensity (broken curve) as a function of mass depth (Qz) are shown. The dotted curve represents the hypothetical "undisturbed" Gaussian which is centered at the surface with amplitude y. The decay rate in the Gaussian is given by a. cp (0) (2) c = k ZA F.
SCANNING Vol. 8, 2 (1986) G. F. Bastin et al.: Improvement in the Gaussian <f>(Qz) approach for matrix correction 47 in which a is the decay rate in the Gaussian and y the value of its maximum. The real <I> (Qz) curve, however, is known to have its maximum somewhere deeper in the specimen and this is accounted for by the introduction of a transient function:
[1 -Y -<I> ( 0 ) exp (-~Q z)] (4) Y in which~is some kind of scattering factor which contributes to a spreading of the electron beam, making it finally a diffuse electron cloud. Summarizing, <I>(Qz) can be described by:
It will be evident that the success of the <I>(Qz) equation is strongly dependent on a correct parameterisation of the 4 input parameters a,~, y and <I> (0).
The equations originally proposed by Packwood and Brówn (1981) , which were obtained through fits to measured <I>(Qz) data, have been abandoned by the authors themselves (Brown and Packwood 1982) after testing them in a correction program on a large number of microanalyses. The reported value of 11.3% for the relative root-mean-square error (Lm.s.) would indeed suggest that it was one of the least accurate correction programs. In the same paper the authors produced new expressions for a and~, this time through an optimization process using the same data base. As aresuIt they claimed an r.m.s. value of 4.8%, which would be very good indeed. However, we have shown that this claim was not correct and we carried out our own optimization (Bastin et al. 1984 (Bastin et al. -1, 1984 with the result that our version of the Packwood and Brown model could match the results of the best programs then known. We have since tested (Bastin and Heijligers 1986) the same program on a set of 117 carbon measurements on 13 binary carbides between 4 and 30 kV, with excellent results: an r.m.s. value of 3.7% which must be called a remarkable achievement considering the wide range of accelerating voltages. Nevertheless, there were still some things which could be improved in the approach and these concerned, amongst other things, the <I>(Qz) curves for high-energy radiations in heavy matrices, e.g. the case of Bi -La in Au or Zn -Ka in Cu.
In those and similar cases it was observed that although the calculated <I>(Qz) curves had a good shape and in general the peak at the right position, the absolute heights of the curves could not be brought into agreement with measured <I>(Qz) curves. We have previously concluded (Bastin et al. 1984-1) that our modified expression for a was probably reliable because it provided good fits to experimental data. However, we expressed our doubts about the equations for~and y.
The object of the present work was to develop better equations for these parameters, not by optimization but by a renewed fitting procedure to experimental <I>(Qz) curves in order to arrive at new empirical equations for~and y.
Subsequently the new set of equations have been tested in a correction program applied to a large number of analyses and compared to other programs.
Mathematical Analysis ofthe Functional Behaviour of~and y
In order to establish the influence of the parameters and y on the general shape of the <I>(Qz) curve, and more specifically on the absolute height and the position of the maximum, two rather extreme cases were selected: one at an extremely high overvoltage ratio, e.g. C-Ka radiation in Carbon at 40 kV (with an overvoltage ratio of 141; Fig. 2a ), and one~t a rather low overvoltage ratio, e.g. Bi-La in Au (overvoltage ratio 2.16; Fig. 2b ).
In Fig. 2a a number of calculations have been performed with varyingvalties of y and~. It is shown that when~is varied between zero and infinity for a fixed value of y, then the position of the maximum follows a loop extending from <I> (0) (~= 0) up to Y (~=oo).
It can be shown that the mathematical description of the loop, which is simply the locus of the maximum, is given bỹ
-
in which X m is the position of the maximum in units of QZ and <I> (m) is the height of the maximum. Three distinct regions in the loop can be distinguished: -Firstly, a part close to y, where a variation ofp roduces a variation in the peak position, and not so much in the peak height. -Secondly, a part where the loop is almost vertical and where a variation in~produces a very strong variation in the peak height and hardly influences the position of the peak.
G. F. Bastin et al.: IInprovement in the Gaussian <ll(Qz) approach for matrix correction -Finally, a part close to «I> (0) where a variation inp roduces mainly a variation in the peak position agam. This last part of the loop has na physical meaning because it is inconceivable that the peak should move closer to the surface again after having moved away from it first with increasing voltage.
It is interesting to note in Fig. 2a that even substantial changes in the values for y (e.g. from 5 to 7) and~(e.g. from 800 to 1700) have hardly any influence on the peak positioh, because they both operate in the vertical part of the loop. They mainly affect the peak height.
Because we had the distinct impression that for high overvoltage ratios in light matrices the maximum of the <ll(gz) curves went increasingly too high, it is obvious that in such cases both the parameters~and y could be responsible. However, the variation of y with overvoltage is known to be very slow in this region; hence, it is most likely that the calculated values forã re increasingly too high. The equation for~used previously was
Fig. 2a It will immediately be clear that the factor (U o -1)°.3, which was brought in through an optimization process using a data base of microanalyses, is responsible for the malfunctioning of~in cases like Fig. 2a becausem ay attain unrealistically high values for very high overvoltage ratios.
Hence, it follows that in developing a new expression for~special attention has to be paid to a proper behaviour of~at high overvoltage ratios in light matrices, which means generally lower~-values in those cases.
Next we shall consider the case depicted in Fig. 2b , where the situation is completely different. Because y and 4> (0) are much closer together, a small change in y may have a relatively larger influence on raising or lowering the maximum. The largest influence will be feIt when U o decreases towards unity, which means that y should approach 4>(0) and both should approach unity. We have criticized (Bastin et al.
1984-1) Packwood and Brown's original equation for
y (Packwood and Brown 1981) in this respect because their expression had a limiting value of n/2 at U0 = 1. Our own expression, again obtained through optimizlOg, was
This still suffers from the same shortcoming. After comparing our calculated 4>(Qz) curves with experimental 4>(Qz) data we concluded that as far as y is concerned we need a new expression which (a) provides a limiting value of 1 for U o~1 , and (b) exhibits a faster increase between U o = 1 and, say, U o = 3. At higher overvoltage ratios the absolute magnitude of y slowly becomes Iess relevant. However, in order to ensure a smooth functioning it is necessary to develop a new expression for the whole range.
A close inspection of Fig. 2b reveals that a change in y alone can never bring the peak position to the measured location (indicated by arrows). Apparently also a significant change in~is necessary.
A detailed comparison between available 4>(Qz) data for cases like in Fig. 2b and calculated 4>(Qz) curves showed that in general much too low values for were calculated but that the peak position itself was quite satisfactory in the majority of cases.
We came to the conclusion that for light element radiation the expression for~used so far brought the peak somewhere at an optimum position in the upper half of the loop, where it should beo In the case of higher energy-radiations the optimum in the peak position was usually in the lower half of the loop, which has no physical meaning. This is the quite logicaI result of developing equations through an optimization process: Optimization will lead to a setting for~which will be best in those areas where it matters most; i. e. in lighter element radiations (AI-Ka, Si -Ka) in medium to heavy matrices where serious absorption can occur. Thus one ends up with an expression which yields fairly realistic 4>(Qz) curves tor peak positions and, to a lesser extent, peak heights. This conclusion is substantiated by the apparent success of our previous program (Bastin et al. 1984-2) on a data base containing medium to heavy element analyses and even more so by its success in Carbon analyses (Bastin and Heijligers 1986). On the other hand it is possible, and even likely, that an optimization process yields an expression for~that is less suited to a description of 4>(Qz) curves of high-energy radiations in heavier matrices, i.e. cases where it matters less, because heavy absorption is rarely encountered here and usually atomic number effects prevail, which are generally much sma,ller than absorption effects.
Moreover, for use in a correction program it is the ratio between quantities in standard and specimen that matters and even· a·4'airly bad program can turn out acceptable results by a process of error compensation.
Summarizing, we come to the conclusion that the previous equation for~produced too high values for very high overvoltages, fairly realistic values for e.g. Al-Ka and Si -Ka radiations, and too low values for high energy radiations in heavy matrices. Apparently the setting for~used so far is a kind of "weighted average" throughout the periodic system. Hence, it needs to be reexamined and we chose to do this by ct critical reexamination of existing experimental4>(Qz) data.
Development of New Equations for~and y
When trying to establish new empirical equations for~and y, using measured 4>(Qz) curves one is confronted with a number of practical problems. In spite of the rather extensive data available (see e.g. Overvoltage ratio Ua Considering the scatter in the measured <I>(Qz) data it is surprising to seehowsmooth a variation ofy with Ua is obtained.
It proved very difficult to find one simple mathematical function to represent the fitted graph. It is very interesting to note, though, that for Ua > 3 the new y-values for a certain value of Ua are approximately equal to the original y-value calculated at (Ua + 1) It was, therefore, decided to make a distinction between two discrete regions in Ua: one for 1 < Ua~3 and one for Ua > 3.
In the former case satisfactory y-values could be calculated by the fitted expression
whereas in the latter case simply the value of (Ua +1) was inserted in Packwood and Brown's original equation, to yield:
A final remark on y must be made as far as high overvoltages (Ua> 25) are concerned. Due to an obvious lack of <I>(Qz) data in this range the values for y are necessarily somewhat speculative. Seott and Love 1983 for a review of existing <I>(Qz) data) it is difficult to find consistent series of measurements over a wide range of accelerating voltages. In those few systems where this is the case one is frequently trapped in inconsistencies or deviations between measurements by different authors. Experimental difficulties in this tedious and cumbersome type of work are no doubt responsible for this.
In the fitting procedure for~and y, one thus usually has only a very limited region for each system to fit values of~and y -in the vast majority of cases only two to four points which are usually closely spaced. For another system two or three new data points are available, which give access to values of~and y in a sometimes completely different region of Ua' etc.
Besides, each <I>(Qz) curve is valid only for one type of radiation in one single matrix element. It is obvious, therefore, that a lot of fragmentary evidence has to be joined together in order to arrive at consistent expressions for~and y for a wide range of overvoltage ratios. Monte-Carlo simulations could be considered in a number of cases. The latest evidence in this field, however (Sewell et al. 1985) , seems to suggest that simulated lf>(Qz) curves are usually worse than measured ones.
The fitting procedure was carried out using, amongst other things, the extensive data gathered by Brown and Parobek (e.g. 1976) and Parobek and Brown (e. g. 1978) , supplemented by measurements of Castaing and Deseamps (1955 ), Castaing and Henoe (1966 ) and Shinoda (1966 . Furthermore, in a number of cases <I>(Qz) curves generated by the Pouehou and Piehoir (1984) program were used. These were obtained in a mutual comparison (Pouehou and Piehoir 1985) of <I>(Qz) curves generated by their as weIl as our (previous) program and they obviously have the benefit of being supported by a separate expression for the total number of ionisations produced, which ensures that the variation of generated intensity with accelerating voltage is consistent. As far as can be judged from the impressive result (Pouehou and Piehoir 1984) this approach is successful.
In section 2 we have discussed what the mam requirements for y should be: 1. lts value should approach unity for Ua~1.
2. lts increase for 1 < Ua <: 3 should be faster than in either Paekwood and Brown's (1981) original equation or our modified version (Bastin et al. 1984 (Bastin et al. -1, 1984 Packwood and Brown (1981) the parameter Bis related to the rate at which the focussed electron beam becomes randomized through electron scattering in the target. Hence, it would appear that B could be calculated using electron scattering equations. However, their original equation has been abandoned (Packwood and Brown 1982) in favour of an equation in which B was related to a. This was justifieo by the assumption that both a and Bare to a certain extent subject to the same scattering laws and hence, there should be a close relationship between the two quantities.
We also followed the latter approach, apparently with success (Bastin et al. 1984) . However, there are some areas in which the behaviour of our expression for B was unsatisfactory. In the present work we will try to find a new expression for B, which relates Bto a according to an equation of the type in which the value of n has to be determined from experimental <I>(Qz) data. Note that now no effort is made to include a term-containing U o , as this was found to cause errors at high overvoltages.
When trying to establish the value ofthe exponent n it was soon realized that this could never have a constant value throughout the periodic system. Figure  4 shows the variation of n with atomie number Z.
A number of representative data points, obtained by backcalculation and fitting, have been included. The error bars indicate the most likely range for n, corresponding to the possible variation in B, arising from measuring uncertainties etc. Due to the proportionality to Zo, the value of n becomes all the more important for very high atomie numbers. For low atomie numbers, on the other hand, the value of n is less critical.
A satisfactory fit to the data points was obtained by the following equation: 1. 
for 1~U o~3
The expression for J we use is that of Ruste (1979) while the expression for <I> (0) is that of Love et al. (1978) .
It is tempting, to try to explain the observed variation of n with Z in terms of the growth of the electron cloud with increasing atomie number. However, the final equation for Bbecomes rather complicated through its reationship with a. We satisfy ourselves with the empirical relationship. The fin al equations for a (Bastin et al. 1984) , Band y are thus
Comparison 8etween Experimental and Calculated <I>(Qz) Curves
We shall now compare the calculated <I>(Qz) curves, using the new equations for B und y, to experimental <I>(Qz) data. representative cross-section through the periodic system. With one exception (Fig. 5a ) the experimental <I»(Qz) data have also been represented (broken lines). The only exception concerned the case of C-Ka radiation in C, for which system no experimental data are available for obvious reasons. Instead, the results of Monte Carlo simulations (Love and Scott 1980) have been used here. The general impression from Fig. 5 is that the new expression for~and y are apparently highly sucessful in modeling the <I»(Qz) curves correctly, the more so when the wide range of systems and experimental contitions is considered. Dur conclusion seems, therefore, justified that the new set of equations is capable of predicting <1»(QZ) curves for a wide variety of conditions within the experimental error. A comparison with calculations based on the previous equations showed that the main improvement was achieved for higher-energy radiations in heavy matrices (cf. Figs. 2b and 5g). For lighter element radiations like Al-Ka the new results are virtually the same as the previous ones, whereas for very light element radiation like C-Ka the improvement probably concerns mainly a reduction of the (excessive) peak heights at extreme overvoltages (see Fig~2a) . These are exactly the objectives mentioned in the introduction.
The usual way of testing a correction program is to subject it to a large number of microanalyses, calculate the k-ratio (k') for the known composition in each case and compare it to the measured k-ratio (k). The proximity of k'Ik to I is used as a measure of sucess.
A convenient way of displaying the results is in a histogram representing the number of analyses as a function of k'Ik. The narrowness of the histogram (usually expressed in terms of the relative rootmean-square error (r.m.s) with respect to the average k'Ik value) and its shape are used as the final measures of success. Several demands have to be made upon such a test: 1. The data base used should be of a very high quality , and should contain analyses of a widely varying nature, performed over a wide range of accelerating voltages.
We have previously criticized (Bastin et al. 1984 ) the data base used so far (Love et al. 1975 ) in these respects. Dur main objection was that a large proportion of the data were really too old (from before 1968). 2. A test should be meaningful. If it is desired to show that one absorption correction is better than another, one should select a large number of heavy absorption cases. In their.latest paper Sewell, Love and Scott (1985) have done the opposite. From their original set of 430 analyses they eliminated virtually all cases of heavy absorption. These mainly concerned large series of Al-Ka and Si-Ka measurements (Thoma 1970), specially performed at three different take-off angles with the specific purpose of comparing the performances of correction programs. Nevertheless, the remaining 313 analyses were supplemented by 168 analyses on Au-Cu and Au-Ag alloys, published by Heinrich et al. (1971) and a number of analyses (frequently on non-conducting systems) produced by the authors themselves. A total number of 554 analyses were thus accumulated and used as a "heavy element" data base on which a number of correction programs were compared.
Sewell et al. also used a data base of 94 oxygen and fluorine analyses to test the correction programs for light element radiation. It was found that their latest program with the "quadrilateral" absorption correction model was the best, and the authors concluded that their absorption correction was the best. total lack of documentation on these measurements prevents any further comments on this issue. Considering all the objections raised here we have decided to compose a new data base, partly based on more recent measurements.
In composing the new data base a total number of 681 measurements were selected mainly on criteria of documentation, consistency and wide range of conditions applied.
Full details on the data base, including the mass absorption coefficients used, are given in Appendix 1.
The following analyses were selected: Finally, a number of oxygen analyses (Willieh et al. 1985) , performed on non-coated électrically conducting oxides were used to test the performance of our new program in these cases.
A total number of 6 current correction programs were used. Apart from our own new version, henceforth designated by BAS851, these were three different versions of Love and Scott's programs, called LOS, LOSI and LOSlI. The LOS and LOSI versions employ Bishop's rectangular model for absorption in which either the original (Love and Seolt 1978) equation for the main input parameter QZ is used (LOS) or the new equation (Sewell et al. 1985) ,
We have some serious objections against both the procedure followed as well as the conclusions drawn. As far the "heavy element" file is concerned we can be brief: In this data base there is not much left to correct for, as a quick glance at the k-ratios and the concentrations in the file shows. This is the result of eliminating all heavy absorption cases. This conclusion is substantiated by the fact that 330 out of 554 analyses were suited to a test on the atomic number correction (absorption factor < 10%; atomic number correction greater than absorption correction). Considering the use of the "light element" file our objections are more serious. It is suggested that the analysis of oxygen and fluorine present difficult cases of absorption which would be true in some cases if these elements could be measured relative to pure element standards. The use of complex standards, like Al z 0 3 and LiF, reduces the problem to a medium case of absorption which most modern correction programs should be able to deal with.
For example, at 30 kV the absorption factor for O-Ka in Al z 0 3 , relative to a pure oxygen standard, is approximately 3.6; that fOrD-Ka in Mo0 3 (one ofthe most difficult cases) is approximately 11.3; hence, it follows that the absorption factor shows an increase of only 3.14,.
In many of the heavyabsorption cases, which have been removed from the data file, the absorption factor ranges from 3 up to more than 12. Thus the real test cases for absorption are precisely those analyses that have been removed. A further objection concerns the use of non-conducting specimens such as oxides and fluorides for a comparative test. The influence of non-conductivity on the shape of the <I>(Qz) curves is not even mentioned. The mere application of a conductive surface coating, with noticeable deleterious effects on the measurements themselves, does not change the intrinsic conductivity of a specimen; it only prevents surface charging.
In our opinion, however, it is inconceivable that an electron can start anything like a random walk in a "hostile" environment. There simply must be an additional driving force pushing it back, leading to a distortion of the <I>(Qz) curve. Needless to say that none of the existing correction programs take these phenomena into account.
However, as long as these problems have not been solved we will not use measurements on nonconducting specimens like the oxides and fluorides used by Sewell et al. The fact that all programs tested show a significant positive bias on these data may be taken as further evidence against their use. The fluorides may exhibit the additional problem of chemical instability under electron bombardment. A SCANNING Vol. 8,2 (1986) G. F. Bastin et al.: Improvement in the Gaussian <t>(Qz) approach for matrix correction 55 obtained by optimization (LOSI) . In the LOSn version the latest so-called "quadrilateral" model is used. In all LOS versions the same atomie number correction is used (Love and Scott 1980). For details concerning the other two programs, ZAF (commercially obtained from Tracor Northern) and that by RUSTE, the reader is referred to our previous papers.
We have previously noted that our <t>(QZ) program performed Iess satisfactory for low overvoltage ratios and this suspicion was confirmed in the present test. The equation for a is no longer reliable for low overvoltages. The largest deviations were always found for high-energy radiations in heavy matrices, e.g. Cu-Ka in Au. For U o > 1.5 the performance was quite satisfactory. We, therefore, decided, to make a restriction and only admit analyses at U o > 1.5; which was found beneficial for all programs tested. The total number of analyses actually used in the test was thereby reduced to 627.
In Figs. 6a-6f the results obtained with the 6 programs for the large database have been represented in the form of histograms. In Table 1 the averages and Lm.S. values are given. * These apply to the ratio between the calculated and the measured k-ratios.
The figures speak for themselves. One should not jump to premature conclusions , however, because too much depends on the choiee of the mass absorption coeffieients. As long as these are not known with an accuracy of, say 1%, definite statements on the performance of a particular absorption correction model cannot be made.
Simple and rudimentary models like Bishop's square model can never deal with heavy cases of absorption. This is evident in Figs. 6b and 6c where a long tail isdeveloped, mainly caused by the Al-Ka and Si-Ka measurements by Thoma (1970) . Such a tail becomes even more pronounced in the ZAF and RUSTE models and confirms the expectations based on earlier experiences with these modeis.
The LOSI version is not necessarily an improvement over the original LOS version (cf Figs. 6c and 6b) and the LOSn version, based on the quadrilateral model, does not give a dramatic improvement over the original LOS version.The parameters for the LOSn version have been optimized with different mass absorption coefficients for the cases of heaviest absorption (Al-Ka, Si-Ka). The results would improve with their choiee of mass absorption coefficients, but at the expense of the performance of the other two versions which would rapidly deteriorate.
The detailed results for two cases of heavy absorption are represented in Figs. 7a and 7b , together with the mass absorption coefficients used in this test. It must be mentioned that, if Henke et al.'s (1982) mass absorption coefficients had been used, as was done by Sewell et al. (1985) , then all calculated k-ratios would have been higher: in some cases (e.g. Al-Ka in Ni) up to 10% higher. This shows again the importance of the mass absorption coefficients.
The results for the 117 carbon analyses, relative to Fe3C as a standard, have been represented in Fig. 8 and Table 2 . The mass absorption coefficients used in this test are the values proposed by Bastin et al. 1986) . It must be emphasised that these values produced improvements for all the programs tested. This was further corroborated by the findings of Willich (1985) who tested the Pouchou and Pichoir (1984) model on some ór6ill carbon measurements.
Considering the results of the present comparison in Fig. 8 and Table 2 we can again say that the histograms show the value of the present method.
Moreover, it would appear again that the LOSI version is not necessarily an improvement over the original LOS version and that the performance of the LOSn version is somewhat disappointing, regarding the claim that has been made (Sewell et al. 1985) for light element analysis. The worst performance of the three LOS programs was observed in heavy matrices, like TaC, WC and W 2 C (Figs. 9a and 9b) , where very large deviations were found. In those and similar cases it is not only a matter of the absorption correction model, for which the parameterization is apparently unsatisfactory; but also the atomic number correction behaves in a most peculiar way -an effect which has been noticed earlier already (Bastin et al. 1984-2) . After an initial very slow increase of the Z-factor for carbon up to 12 keV, an ever increasing acceleration takes pIace which is partially compensated by the absorption factor which goes through a maximum at 25 keV and then decreases again. Table 2 Relative root-mean-square values* (%) and averages* for various programs; 117 Carbon Analyses, rel. to Fe3C, 4-30 keV; Integral intensity measurements Ii.
•
Ii. Ii. FinaIly; our new version was tested on a number of oxygen analyses (Willich et al. 1985) . It is very important to note that these analyses were performed on non-coated electrically conductive oxides. Given the success of both our previous as weIl as the new correction program for the analysis of carbon, considering the wide range of accelerating voltages applied, they should be expected to work equally weIl or even better for oxygen. Table 3 clearly demonstrates that this is the case. The results shown are those of the new version , which are virtually identical to those of the previous version (mass absorption coefficients of Henke et al. 1982) .
We conclude that the calculated k-ratios agree very weIl with the measured ones within the experimental error, and that our new version also works weIl for oxygen. This substantiates the doubts we expressed earlier about measurements on coated, non-conductive specimens.
Discussion
We believe that we have shown that our new program is probably among the best currently available. However, caution has to be exercised in making too definite statements, because too much depends on uncertain input parameters like mass absorption SCANNING Vol. 8, 2 (1986) "<I>(gz)" curve), h (the ratio between <I>(m) and <1> (0)) and gZr (the fictitious end of the <I>(gz) curve).
The parameter gz is considered (Sewell et al. 1985 ) the dominant factor in the absorption correction, even to the extent that the ranking order of different models was judged to ·fóll5w closely the averaged error in calculated-to-measured gz values. It has further been argued on several occasions by these authors that it is not necessary to have the real <I>(gz) curve for an accurate absorption correction. Although this may apply to cases of light to medium absorption, such a statement does not become true by repeating it. This can clear1y be seen in Fig. 10 where the quadrilateral shape is compared to the <I>(gz) curve generated by our program for the case of C-Ka radiation in Fe3C at 20 keV. It is difficult to see how a parameter like gz, which is located far beyond the point from where the last photon is able to reach the surface, can dominate the absorption correction. It is evident, in our opinion, that in this case the first part of the curved <I> (gz) curve, roughly up to the maximum, is the so1e determining factor -that is, the shape factor is dominant for cases of heavy absorption, a view which has been put forward by Bishop (1974) already. Anyway, it seems difficultto us for any artificial model to find the correct parameterization, especially where parameters like gZn without any physical significance, are involved. 
I I
2 I et>(0) I \\ coefficients. The vast majority of experimental <I>(gz) data have been obtained using Heinrich's (1966) mass absorption coefficients. Hence, it follows that when <I>(gz) equations are fitted to these <I>(gz) data, the resulting correction program will perform best with this set of mass absorption coefficients or a similar one like that of Frazer (1967) . If it should become apparent in the future that the new values of Henke et al. (1982) are indeed an improvement, then all existing <I> (gz) data would have to be corrected and, as a consequence, our <I>(gz) equations would have to be refitted.
In both cases, however, the same curve of emitted intensity vs. mass depth, which is the measured quantity in experimental <I>(gz) measurements, should be obtained. It is obvious, therefore, that under no circumstances can a particular absorption correction model operate with a variety of mass absorption coefficients for a specific case: the better the model is, the more selective it will be for the mass absorption coefficients.
We have not made any effort to compare items like the atomic number correction employed in the various programs because (a) the reported differences, typically of the order of 0.5% (or less) in the r.m.s. values, are much too small to be very concerned with and it would require a data base of extremely accurate measurements to make statements of any value; (b) the largest atomic number effects usually go with heavy absorption effects (e.g. Al-Ka, Si-Ka, O-Ka radiations in heavy matrices) and this makes a separate test on the atomic number correction extremely difficult.
We consider the separation into atomic number and absorption effects artificial because the important physical quantity is the emitted intensity, which is represented by the combined Zand A factors. It is also possible that the malfunctioning of the atomic number correction is to a certain extent compensated by a malfunctioning of the absorption correction and the program in question may still turn out very good answers.
It appears more interesting to discuss the absorption correction modeIs, especially the new "quadrilateral" model recently introduced (Sewell et al. 1985) . It should provide an obvious improvement over the earlier models used by Love and Scott, simply because a slow evolution has taken place from a totally unrealistic rectangular model to a quadrilateral model which starts to look like a rudimentary <I>(gz) curve. The absorption correction of this model is based on 4 parameters (see Fig. 10 ): gz (the mean depth of x-ray production), gZm (the position of the maximum in the G. F. Bastin et al.: Improvement in the Gaussîan 4>(Qz) approach for matrix correction A few final remarks on the quadrilateral model have to be made conceming the computational complexity. It has been suggested (Sewell et al. 1985) that parameters like QZm and QZr are expressed in terms of the mean depth QZ. This is true for QZm; for QZr, however, it is the other way around: QZ is expressed in quadratic terms of QZm and QZr, which means that QZr has to he solved as one of the roots ofaquadratic equation. lt is obvious that this further contributes to the considerable complexity already present in this new model. One could wonder if all this effort would not be better spent in trying to find the real 4>(Qz) curve.
CondllSions
(1) The new version of our correction program, based on improved equations for the Gaussian 4>(Qz) approach, is probably among the best of the currently available correction programs, provided· that the proper mass absorption=arefficients are used. lts performance is excellent both for medium to heavy elements (Lm.s. value 2.99%) as for very light elements like carbon (Lm.s. value 4.1%). In both cases it m'ust be taken into account that due to the presence of very heavy absorption cases the experimental error is correspondingly larger, which makes the results all the more remarkable.
(2) The new correction program by Sewell et al., based on the quadrilateral absorption model, will perform rather weIl for medium to heavy elements, provided that the authors' choice of mass absorption coefficients is followed. The performance for very light elements like carbon is much less satisfactory. A new optimization using heavy absorption cases, might produce an improvement. 
